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Arithmetic laws W @

There are three laws of arithmetic that can be powerful tools to help with calculations.

1. Commutative laws
The order that we add or multiply numbers can be switched without changing the answer.

« Addition s+ b=b+0o
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+ Multiplication oxb=bx o
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fulw} aa g 2]
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] 4] = ao =
(M) an 0a an
oo [ =[m] 3]s} 08
4 lots of 5 5lotsof 4
4 x 3 = 5 x4 = 20

The commutative law for multiplication can be shown also in terms of rows and columns.

rows X cofumns = columns x rows

4 rowsof 5 5 colurmns of 4
coeda CEEEE noopon
rows '?E:E*“’w& Dhnen - .88 m= CoRas
i oo [ L D
wlalel=le i [ | 6 EIEIEIEND
L%wTj%sf_f 1 2345 5 columns
4 % 5 = 5 x 4 = 20

The commutative law does not work for subtraction or division as the order of the terms is important.

*4—-5#5-4 —> 4-5=-land 5—-4=1
*4+5#5+4 = 4+5=08 and 5+4=125
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How does it work? Your Turn ] Whole Numbers J
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}@ Commutative laws

@ Shade groups of boxes to match these descriptions and write the calculation they represent.

a3 SR K
1@0 rows t)ol";%ur @ Fourcolumnsoftwo @ Four rows of two @ Two columns of four
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= X i = X1 = ps
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@ Fourcolumnsofone @& Three rows of six € Tworowsofseven € Fourrowsofone
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&  Fill in the math&matical sentences for each of these diagrams showing the commutative law.
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How does it work? Your Turn ] Whole Numbers

b
/z@ Commutative lows

&  Wrlite the expression for the commutative law represented by this diagram.
O 0,00 O0~0
O 0~0
050302090 -

¢} Draw two different diagrams below to demonstrate that 2 x 6 = 6 x2=
G
\’;i d} ¢¢ OO
ox b = fx2 <

OO Hdw

2 =  bx2 -

B  Earn yourself an awesome stamp for this one.

Draw all four different pairs of diagrams that represent the commutative law for multiplication with
——

an answer of 24,

4yl 3x8  2xi» (x 24
ﬁj H:j - E-‘%ESBJ @‘% 50 30 590
1 - @— Eﬁﬁa &b Fo Bo 30
4% b = bx4 473

§,§§§§'§ %& §
EAREX 21

[2x2 X2 .
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2. Associative laws /p{@ Associarive laws
The numbers we group together when adding or multiplying can change without changing the answer. @ Complete these equations for the associative law of addition shown in each diagram.
+ Addition (@ +b)+c=a+{b+c)
o 1 ©
LAt s b
= + 36 = EJEZ!
S5 OO D00
= 7 + 5 = 12
o ooo oneo
= ] + B8 =
833 080
3 4+ (4 + 5} = 3+ 9 = 12
©

» Multiplication {ax by x ¢ = o x (b x ¢}

O o ©0o 0 g 0o DoOonoCoRo
oo o gn 0O OO0 OO Q0 00 2 Oegoegsoog
08 {,gn - ©0 OO DO OO OO0 0O _ ugggggnmgg
o ool ~ 0O g 0o 0O o o o a el
g0 oo dp 0D @O 0D g0 po  Sgnnnoennd
. 0D OO 00 0D 0o Ao |
3lotsofd x 5 = 12 lots of 5 - 60 |
3 x 4} xp5 = 12 x 5
|
o o o 5 5 ulnlale) '
go 90| 0OOODODOOCONOO0O00C0C Tt et sl o L rd .....O%
B« {E0 B9 - gpponooooonooooonooo = gEogeeanen | .3083 + 880 = gg + .OOSO
0o oo 0NoooROoa0ao0 oo gE0oogoonn ! O O
oo oo a DOCABADOBARABE  BAAREEAGOC e e - - 9060
3 x 4lotsof$ = 3 lots of 20 _ ﬁb 1 l}+E J: i+{( el 1
Ix 4 x 8 = 3 x 20 6 W= Lo 8)=15] o i*\§ )
. g ek =~ rmmr——, [ -, p— —
The associative law can make adding/multiplying terms easier. ' ! {5; + E g f = ; 6 ’ + l [g ? = I 23'
3142549 =(31+9)+25 13 25% 4 = 132 (25 x 4} T e R Bl e
=40+ 25 =13%100
=65 ‘ =1300 ‘
What about subtraction or division? 1 © MR - i
There are oniy a few very special cases where the associative law works for subtraction and division. ‘ 1 % + [ o
When a 0 is involved like this: When a 1 is involved like this: E Rt L o Ey:lﬁl -
“(6—21-0=6~(2-0) C(18+3)+1 = 183 1) LTy Ty ) ey e e )

(0 +7)+5=0+(7+3)

(7)+hy )03

.

13)-[44]

In all other cases, the associative taw does not work for subtraction and division.
e3—-4)—5#£3—-[4-5 — (3—-4)—-5=-6 and 3—-(4—-5)=4
f(3+4)+5£35(4+5 —> (3+4}+5=015 and 3+{4+5)=375

=
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Your Turn ] Whole Numbers ]

[
/1;\@ Associative laws

&) The associative [aw lets us choose what we want to do first to make calculations easier and quicker.

®
('ti

" "Pairing up terms that make nicer whole numbers before adding to other terms is a great trick,
Use the associative law for addition to simplify these calculations:

) 25+91+75={{ 25 '+[ 15 }}+9|

For example:
14 + 9 + 16 is made easler by adding the 14 and 16 together first to make it 9 + 30 =39

o mewen={ 163+ 37 (2]
= [\200 “’[ 22 |

® 102+43+25={[ 16 J+§43 }}*‘[ 25 ]
=[5+ D5 |

nA
@ 37+ t4+56+23=(F]2DN#30DB 11480+ 19+45= (11} H1]) (R +43)
= bo+7o = 1304 1285
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)

1
/ﬂ;@ Associafive laws
& Complete these equations for the associative law of multiplication shown in each diagram.
R ]
® 0o L
5 - {ooo) - g g - o=
(3

R S— S S— e —

e S N

5= 2)xl20]=w
0 0 0
c0 00 O Q0
e Q 0 © w SO 88 5 -
QO 0O Oo@o@ 80 * {00 oo (=168
$o b & 0 | B BE
AN Vg i
(IS 7)-B-{20-T)
24 (718 (2]~
JI [l e 1] | 1
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L
{@ | /r@ Associative laws
" Associative laws »

@3 Tick the box true’ or ‘false’ to show which of these subtraction or division statements are special

: ; jati iplication underneath.
¢ Shade groups of squares in these grids to match the associative law of multiplication cases where the associative law does work,

o © (12+4+1=125+4+1) True TFalse @ (5+0)+3=52(0+3) | True Fralse
: « OO = 0 x : i ® 0-4-3=0-(4-3) [JTue Pfalse @ (0= 16)+2=0-+ (16 = 2 Trve [ JFaise
‘ © (20~ 111-0=20— (11— 0} True [ JFalse @ (5+1)+5=5+{1+5 { True [Yfalse
= 3 oy g,
2 x 3 @x3  x @ 0+N+1=0+(1+1) (e (lralse @ (8—0}=1=8-(0—1) [ITrue ([Halse
o T (. C @ -h-l=1-(1~-1) [ ]TrueM{alse ®O-1-0=0-(1~0) [Hrue iFalse
—— [ [ |——
e x = s * e . i, .
H= EE um NN € ‘i @ Larger strings of numbers can also have the associative law applied to them.
[1 J ]
_ Group terms together in these expressions that make the calculation much easier.
4 x = {4x3) X 6
- © 12+34+8+4+2
o HHH H-H RERn I =unn 24+ 34 H2)
e« e = Tarte < [T = = 204+ Yo
s R B B = £
T . = ' 1(4 2 3 _ Explalf why you grouped the numbers you did.
2x3 = x x - ~
4 o (2x3) _H""i] ] w\u-)d"{?ﬂe #
] 1 [HEEEN I :
o i : 5 @ 12x2x5x3
T T = 1 x [ =
i ] ® i:-' - I (1] kQXS)KQ)’)(B.)
H (g RENCL ] . = fox3b '

—

@ Use the associative law to rearrange into three pairs to make the calculation easier.

23+ 11+37424+16+9

= QI 164 F1C)

= Eo+2p =
! {3 Write an expression that represents these dot d?;g ms am?ﬁse the associative law to simplify.

Q 0O O ©
0Y QO 00 00 Qo
®8OOOXOOOOOOOOOOOO () o0 X S8

o0
000 * &b &b Sb b So Sb b 8388 383 88
AX4 X EXS 5x3 x 4% ]

= (2X5)X (4 gD = (&Y $)x @%7)

=z Y2d oo 2ex 2l
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How does it work? Whole Numbers

3. Distributive law

This law allows you to spread a multiplication out {or expand) into smailer parts to make it simpler.

* UUsing the order of cperations and calculating the brackets first:
&
%] %} — Qnonal _ gDooc gocoo
oeax {DD + 88} =000 x {DDGD } G000 0oBo

3 0x (4 + S5 =3 x (9 = 27

» Distributing the multiplication to each term within the brackets:
X

o
0

Qo - 0o 0o _0Do0Oo |, 0o

GGC"‘{UD + gg}—mmmwmx 0D “onoooo T ao

3 x (4 + 5 =3 x4+ 3 x 5§ = 12+

Also works if a subtraction is inside the brackets.
X

Doooc
ujslalw]

o4 x {DD-—DBD}=DD «88 -ooxoou=HE §8-ooo ooo

0o
2 x 4 -3 =2 x4-2x 3 = 8 - 6

Jar
So the distributive law is:
axlb+c)=axb+axc

These signs must always match
axlb—cl=axb—axc

These signs must always match

Using this [aw in reverse makes the multiplication of large numbers easy to calculate mentally.

For example, we can use the distributive law to calculate 127 x 4 using either of these:

[20x4+7x4 or 130x4-3x4

127x4 =(120+ T)x 4 127%4 =(130-3) x
=120x4+7x4 =130%4-3
=480 +28 =520-12
=508 =508

You could have split 127 up into any sum/subtraction you found easiest to use.

4
x4
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How does it work? Your Turn ] Whole Numbers J
N .
/QT@ Distributive law

& Fillin the missing values for each of these examples of the distributive law.

© Explain why both have the same value even though the terms in the brackets are different.

The G N7 At pl bvackets avze o Sanng

& Write another similar expression to those in €9 that will also give the same answer.

Sv{o:le) , S¥(3t7), sxC1t]), +(5+5)

£ Use the distributive law to simplify and evaluate these multiplications:

——

oozl (5]  ov-sd o ( 1]

=6x§20 ]"'GX?S } =8x[k]5)oj—8xgi }
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j@ Distributive law 1

&  You can apply the distributive law mare than once to simplify a calculation:

Mihergdoos vk SRS

Factor trees

Composite numbers can be divided exactly (with no remainder), by other smaller or equat whole numbers

For example: ' - called factors.
25%59=25x(60-1) "' Composite numbers: 15 9 12 4 24
=25x60-25x1 r | | | |
! t
=23x60-25 OR  =25x60-25 \ Factors: b.3,5,15 1,3,9 1,2,3,4,6,12 1,2,4 1,2,3,4,6,8,12,24
=(20+5)x60—25 =25x (20 + 40) — 25 i Prime numbers only have 1 and themself as factors.

=20% 60+ 5x60-25 =25x20+25x40~25 | Prime numbers: 2 3 17 T 31
|
¥

= 1200 +300 - 25 =500+ 1000 ~ 25 ' | |
= 1475 = 1475 (W Mﬂ—‘-’““w’\ Factors: 1,2 1,3 1,17 ISY
H
AP

Apply the distribuﬁv@% simplify and calculate these: : . .
-~ 4 % 680 'f').) : All composite numbers can be written as the product (x) of prime factors
e 1?‘. % ﬂﬂ lL‘[‘ X —3 ) O 45x82 ‘g l {all the prime numbers that divide exactly into them). Let’s see how.
© = e - TR = 45y §5F X2
= Qo - 42 = eor5)xf>+To

! ‘Express’ is a another way of saying ‘write’ in Mathematics.

i - 4 Express 18 as a product of its prime factors
= oo + e ~42 = oylo + Bors 9o
. it 181 W aller factors
= 4o 1(’0-[{'2 = P00F 450 -1“"70 Spliz 18 into two sm
= 5-6‘9‘ L{"Z = ? éq 0 _/ \ Solid circle around prime numbers to stop that branch
m = 5[ g o 5z — /‘_f '\:1 @ Split 4 into two smaller factors
= .2>—>< (_(O t S) = m C[GO T ll) ' Solid circle around prime numbers to stog that hranch
= Yexqo+ 25 = 25% | oa +-54X{2 ®© @
'?.(20 'If‘l) Lle + ) D =950 t- @D 7‘5) A2 . Once every branch has reached a prime number, multiply all the prime numbers together
= D_ovﬂ_loff)_x.‘f') £\ ° = DT f 20% 12 “‘“5’“1 : 18 =2 x3x3
= Mod 1o 4 o = (B0 T 25putHaptbo = 2800 \ P — )
@ 83%35 ~2_g~3<(§’o'f§) @ 120x108 = [20%X (1]0=-2) —
= gf;(c?b’f’ 8&}( 3 = |20« l.l p. 1204 2 ALWAYS @) at the prime number.

=gorY)fot 05 | =dobA20)x - 240 . -/
= BD‘\(QO'{:‘S_X&%) ’F' D.S = ” Dof 220 0'—'24@0 Den't ever do this ‘\“ - . 3 \.\

= 2‘%06 Cfr L{-OO:T‘DS = ‘2"‘:1 6 0 . / .--@ ' Remember:

- 3'41 05 | @ B A prime number has

1 wwo factors, itself and |
because 1is NOT a prime number ﬂ.
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Where does it work?

Here are some more examples,

Whole Numbers

i Express 38 as a product of its prime factors

S38 =19 x 2

Spiit 38 into two smaller factors

Solid circle around prime nurnbers ta stog thet branch

Once every branch has reached a prime number, multiply all the prime numbers together

There is often more than one way to create a factor tree for numbers with a lot of factors.

-
Express 48 as a product of its prime factors

/\.

P
\@@ ®

A8 =2 x2x2x3x2
=29 %13

Split 48 into two smaller factors

Split 6 and ¥ inte two smaller factors

Solid tircle around prime numbers to stop that branch
Split 4 into two smaller factors

Solid circle around prime numbers Lo stop thal branch

Once every branch has reached a prime number, multiply all the prime numbers together

Simplify answer

38

=
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) Whole Numbers ]

(¥
}@ Factor trees

&% Fill in the missing values on the following factor trees and write the number asa product of its primes.

Y

@@

2 12= 2X 23
=23
i) 32
\
-// \:‘"\
~1‘-o ®
-.32=1,<2>r2=<2=<2'—‘lg
®

/ \

'12'

T
———

/\
@/\

“18= Dy 313:2{3

56= 3% 2 D]
- 23 X*, Q%F‘%
& Loy
128 g“b/é «g
\ oy ;@a
\‘.-'~

128 = Q_xlylﬁ}.:fla@’:l
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Where does it work? Your Turn | Whole Numbers Where does it work? Whole Numbers J
L
ﬁ@ Factor trees

& Complete a factor tree for each number below and express them as a product of their prime factors.

Highest common factor (HCF)

The HCF is the largest number that divides exactly into two or more compaosite numbers.

o 8 o 20 W _ Write all the factors of each number then circle the largest one which appears in both lists.

-
Find the highest comman factor for these pairs of numbers

/ \ .- \ 1 iy 6and8
@ @ / Factors of 6: 1 ,@ , 3,6 List ali the factars for each number
@ @ Factorsof §: 1 ,@ , 4, 8 Circle the fargest number common to bath lists

.. The HCF for 6 and 81is: 2

................ e e : {ii) 18 and 12

o 24 d 60 Factorsof 18: 1 , 2 , 3 ,(6‘ , 9, 18 List all the factars for each number
/ @/ }\ ‘ Factorsof12: 1 , 2 , 3 , 4 ,@, 12 Circle the largest number common to both lists
\ o1 ]
\ . ;
(fl to 5. - : .. The HCF for 18 and 12 1s: 6

/ - . We can use the list of prime factors for larger numbers to find the HCF.
~ ™
@ 3 3 ! Find the HCF for these pairs of larger numbers

" = 3 . — by :
24 2><3 __________________________ 60" 2 x 3x5 () 72and 96
2 96 D 144 Factors of 72: (2),@,@,@, List all the prime factors for each number
@/ '\("E\I g (\c \‘ Factors of96:@,@ O, , ,O

. 2 .

TN 1\ . The HCFfor 72 and 96is: 2x 2 x 2x3 = 24
3 L 3L

2 / >) (3®)

N « 4 - -
}1%‘] ~ / \_\ (i) 528 and 624
‘ :i - ¢
\ (f ‘ Kﬁ Factors of 528:@),@ @,(2-_) @ \ist all the prime factors for each number

@/ _\(:{:} @ _,of- é/@ Factorsof6242@s(@ @ 6

™~ 144 = c.The HCFfor 528 and 624 is: 2x2x2x2x3 = 48

g ".K 7 N
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Where does it work? Your Turn J

W
},@ Highest common factor (HCF)

Wheole Numbers j

@  Find the highest comman factor for these pairs of numbers.

@ 8and 12

Wbri D;fg) >, 2,@,(9
F&ﬁc@(hﬁll? L23(9 602 (53

= The HOF Ao Qrrd 235 4 \ ST HCF of band (60 3,

® 10and 18 ® 18and24

jo: 1,/ 10 2123,

18- 1LE)3.6,9,18 @‘113
AeiCFoa s 1,23, 10 0 24
SN Sfhe HCF 3 b

@ l4and28 = © 16and 36
s %709 bs 120 |
2002 4,7, ()28 36 1>, z,@ 6,9,12,3b6

CTNHCE S o Tevob 5 &

@ Usethe prime factor.it_o find the HCF for these larger numbers.

@ 6andls

@ 42and 4 © 92and72
(12 = OO0 8P Qe ax 2423
B4 =X T2z 2323 2¥ 33
S HCF. = av2x3212 S HCE = 2x2=k
& 280 and 490 & 256 and 640
Mo = 2% 20 2x5% ] A2 2y v 2y 2v2X X2
o = 2x5 %7 é‘fo =% ¥y IXW XS

- H-C-sz"sﬂ S OHCE = o 24 2424242
- 70 =1x¢

Whate Mumbers
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Where does it work?

Lowest common multiple (LCM)

The LCM is the smallest number that is common to the multiplication tables of two or more numbers.

Write down the multiples of the numbers and stop once you find the lowest common multiple.

P
Find the lowest common multiple for these pairs of numbers

{i) 2and5
2 [2 4 Iz 6-] :
Multiplesof2: 2,4, 6 , 8 ,, 12, 14 ... tist some multiples of the first number
s .
IE'_’ s se 7]2
2=5
Multiples of 5: 5 ,Gb,... List the multigles of the second number until there is a match
13

.. The LCM for 2 and 5 is: 10

fity 6 and 8
Multiplesof6: 6 , 12, 18 ,(24), 30 ,...

Multiples of 8: 8 , 16 ,(24)....

. The LCM for 6 and 8 is: 24

List some multiples of the first number

List the multiples of the second number until there is a match

We can use the list of prime factors for larger numbers to find the LCM by looking at the differences.

's p
Find the LCM for these pairs of larger numbers

{iy 30 and 100
Prime factors of 30: 2 ,@, 5
Prime factorsof 100: 2 , 2 , 5 , 5

List all the prime factors for both numbers

Circle all the different factors in the smaller number

. The LCM for 30 and 100 is: 100 x3 = 300 Multiply the larger number by the different factor
(ii} 24 and 388
Prime fattorsof 24: 2 |, 2 ,@),@
Prime factorsof 388: 2 , 2 , 97

List ail the prime factars for both numbers

Circle all the different factors in the smaller number

S The LCM for 15 and 388 is: 388 x2x3 = 2328  Multiply the larger number by the different factors

A
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Whole Numbers ]
p r@ Lowest common multiple (LCM)

@  Find the lowest common muitiple for these pairs of numbers.

@ 3and? @ Sand10

M dtele AT 51543 €, 20 X
"{W\tpﬂna ﬁ @ Q7-, fo : o@ Jo .-
LCH =9

L. =fo
@4and6' @ S5andé
‘ng,@etw. 5,!O,IEZO,%J3¢,\~_\
[9;@’ ) 20~ 6.12, ,ff,.?%@
L.CH =

[1 L'(‘.'H: ?D
& Gand7

@ 12and 156 -
Gy 121 24, 3,38, 4d... 27 zl,c,gL@ .
T, 4 2,28 38,

s [{;;32,@5%
LiCH= 4,

LCH: 4
@ Use the prime factors to find the LCM for these larger numbers

[ a] 60 and 108

O 42and 150
ky= 2x 32|
[og)z @@X ?J(}

A0 Dy 3xay S

)

] CX s 224 3% 34 32

LM s _>,>(§>fc<‘>ff>‘7
= 5ko - = (5B oS0
¢ 168and 130 € 210and 385

16§ = 2 2¢ 24 3% | Sio = 2t Py.S¥

[fo = 202434 38

iy -g—,(_])( g
LCHz 224 32345, "’(5‘7 Licd = 20 3% 54741
£x517. *]

< - [o)l 24 1)
= 2130 = 23106
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